tradition of Wallasey Grammar School, especially in science. Although receiving much encouragement from the Physics master, Mr Smith, the English and French teachers, Messrs Darke and Astley, were very influential. They lent Charles books on philosophy and literary criticism and introduced him to discussion groups held in their homes, thereby laying the foundations for many of Charles's later contributions to fields other than science. A third teacher, Mr James Ford, was a distinguished producer of amateur dramatics, and school plays were high points of the year. Charles took part in many, always apparently in comic roles.
(After leaving school, Charles himself produced plays for the Workers Education Association, performed on the Oldershaw school stage.) Charles became head boy and played rugby and cricket for the school and hockey for Wallasey and New Brighton clubs. Just as war returned in 1939, Charles went up to University of Liverpool to study chemistry. He was acutely aware of the privileged position that undergraduates had at that time, when the incentive and pressure to do one's best for one's country was rife. Military matters were not ignored, however, through training with the Officers' Training Corps, which he very much enjoyed. Charles contributed as widely as he could to university activities: playing hockey and editing the undergraduate newspaper, Guild Gazette. He obtained a first class honours degree in 1942 and was awarded the United Alkali Research Scholarship and Leverhulme Prize of £30; with £21 of this he bought a second hand oboe. In 1941 Liverpool and Wallasey were heavily bombed. Charles's future wife, Margaret, whom he was already courting, was 'bombed out' twice, although the family escaped injury. During the raids, Charles and his brother Ted took part in fire watching. On one occasion, as recalled by their brother Jim, Ted and Charles came proudly into the air raid shelter with the glowing remains of a German incendiary bomb on a long handled shovel that was used for removing such bombs. His mother, in her quiet, douce, Scottish manner asked them to remove the offensive object and put it where it should be, in the bomb disposal bin!
At ICI in wartime
After graduating in 1942, Charles spent the remainder of the war working at Imperial Chemical Industries (ICI) in Widnes and Runcorn. He was directed there by the Ministry of Labour and National Service on the recommendation of the Joint Recruitment Committee, chaired by Professor Alexander Robertson FRS, who in due course became Charles's PhD supervisor. His starting salary was £360 per annum. Shortly after arriving at ICI, Charles was told by an old Irish chemist: 'You've a job for life in ICI, lad-provided you don't strike a warder!' During the war he researched in four areas: spontaneously combustible materials; the synthesis and small-scale manufacture of strategic chemicals that could no longer be imported; the reasons for catalyst deterioration in the manufacture of vinyl chloride monomer; and the synthesis of highly fluorinated benzene derivatives. The last was associated with what was known as the Tube Alloys project, which turned out to be a cover for the UK contribution to the development of the atomic bomb. The research was largely free of interruption by enemy action until 10 August 1942, when a bomb from the last raid on Merseyside hit the Widnes Laboratory, causing substantial physical damage but little damage to the progress of research because of the ingenuity of the staff. Charles found the challenge of devising manufacturing processes particularly enjoyable, including the collaboration with engineers and plant construction fitters. The problems associated with catalyst deterioration turned out to be due to poisoning by sulfur-containing compounds and ways were found to remove them.
In short lunch breaks away from the bench or plant, Charles enjoyed discussions with his senior section leader, Dr D. W. F. Hardie, who was a distinguished scholar of Celtic languages; Charles himself had developed what turned out to be a life-long interest in languages and was teaching himself German and Russian at that time to add to the French and Latin he learned at school. Away from the workplace in Widnes or Runcorn, to which he travelled daily from Wallasey, he was a member of 'Dad's Army', the Home Guard, serving as a camouflage officer. Wartime was full of challenges, but perhaps the most personal challenge came with the death of Charles's brother, Ted, in a flying accident. The RAF plane in which he was flying crashed into a waste pit not far from an ICI site in Cheshire. Charles's younger brother, Jim, believes that he found this family tragedy particularly hard because Charles himself was very conscious of his good fortune in having been directed into National Service in England instead of being on active service abroad (figure 2).
PhD at Liverpool University
The opportunity to study for a PhD came as a complete surprise to Charles in that he was eligible, having been directed into National Service, to receive a further education grant alongside those who had borne the brunt of the fighting. The choice of PhD supervisor and topic was greatly influenced by Dr Basil Whalley, who had obtained his PhD working with the aforementioned Professor Alexander Robertson on the structure determination of natural products. Dr Whalley returned to academic life as a lecturer after the war and Charles became his first PhD student. He worked on the structure of a red pigment obtained from sandalwood known as santal (an isoflavonoid), about which nothing was known at the time. The whole PhD was required to determine the structure virtually entirely by classical methods of derivatization and degradation. No spectroscopic methods were available to the organic chemists at that time, although the biochemists, led by Professor Richard Morton (FRS 1950) , apparently owned an ultraviolet spectrometer. It is believed that Charles surreptitiously took some of his samples for spectroscopic examination to the biochemistry department, unbeknown to his senior supervisor, Professor Robertson, who thought that the use of spectroscopy in structure determination was cheating! Working for his PhD in the next laboratory to Charles was Har Gobind Khorana (ForMemRS 1978) , who was subsequently awarded the Nobel Prize for his contribution to breaking the genetic code. Evidently Khorana's determination and chemical skill stood out at the time, along with his climbing bare-foot in the mountains of North Wales. Like most successful PhD students, Charles found that the major benefit of the work was gaining competence in independent work at the laboratory bench and developing a resilience to scientific adversity (figure 3).
During his PhD studies, in May 1946 Charles married Eleanor Margaret Watterson, the daughter of George Finlay Watterson (1886 Watterson ( -1953 and his wife Hannah Howells (née Donaghy; 1891-1975) (figure 4). Margaret, or Midge as she was known in the family, was a former head girl of Oldershaw Girls School, whom Charles had met at a tennis club and then courted for seven years throughout the war. At this time Charles also played the oboe he bought with the Leverhulme Prize money in the university orchestra. When first married, Charles and Margaret rented rooms in Wallasey, but moved to her parents' home when she became pregnant-although not anticipating twins-and stayed there for two years. In March 1947 Charles's twin sons were born, Colin James and Keith Edward (named in part after Charles's brothers). The family moved to a semi-detached house in Ashlar Road, Liverpool, and in 1952 their daughter, Karen Anne, was born. They moved again in 1958 to a detached house in Dudlow Lane, Liverpool, sufficiently large to accommodate them all and look after Margaret's elderly mother also. In the fullness of time Colin and Keith both obtained first class honours degrees in chemistry at the University of Liverpool and followed careers in science. Karen also graduated at the University of Liverpool and followed a career in medicine.
Back to ICI 1949
Having obtained his PhD, which ICI management sought to dissuade Charles from taking, he nevertheless returned to ICI Widnes Laboratory in 1949. His salary now was £600 p.a., which, with maintained pension benefits, was a significant inducement for a young man with family responsibilities. Although he had been away for three years, nothing at ICI seemed to have changed, except that there was an insatiable post-war demand for chemicals and unbounded confidence in the possibilities offered by science. Despite this favourable environment, most of the projects Charles undertook he found disappointing. There were two notable exceptions, the halothane project and crop protection research in collaboration with what later became ICI Jeallot's Hill Research Laboratory, some of which developed from the laboratory bench to full-scale plant production. The work environment was somewhat hierarchical, with status demanding deference. Charles's brother, Jim, recalls playing a golf match with Charles against one of his bosses. Charles won and was rather pleased with himself, but with characteristic good judgement he avoided showing it until his boss had left. (Jim went on to become a successful golf professional in Sweden.)
Halothane
The discovery and introduction of halothane, the world's first innovative anaesthetic, covered the years 1951 to 1956 (figure 5). Halothane had a safer pharmacological profile than former inhalational anaesthetics, being non-flammable and non-toxic, and had high potency with rapid, uneventful induction and recovery. It proved to be Charles's most important single scientific project and is accordingly covered in greater detail here than his other scientific and technological contributions.
Halothane came from a time when the modern pharmaceutical industry had yet to develop. Moreover, many of the drugs that we take for granted had not yet been invented or discovered; neither the chemical skill nor the biological insight was available. Many inhalant anaesthetics were known before halothane, but there was no rational chemical mechanism to account for their activity. One of the crucial components in the halothane story was the establishment of a structure-activity relationship. The credit for the initiation of the halothane project, and for identifying the appropriate scientific basis, goes to John Ferguson (1899 Ferguson ( -1981 , who was appointed research director of the General Chemicals Division of ICI in 1950. Ferguson hailed from Stirling and, like Charles's grandfather Thomson, learned his chemistry at the precursor 425-475 °C Figure 5 . The synthesis and chemical structure of halothane. The final synthetic step was described in the process patent (2). The reaction was carried out in a heated silica tube with careful control of temperature to minimize over-bromination and other side reactions. (Online version in colour.) of the University of Strathclyde, an institution renowned for its training in the applied sciences. Ferguson was a man of warm personality and penetrating insight. His powerful championing of the halothane project based upon his own scientific work was critical to its success.
The chemical research leading to halothane was carried out at the Widnes Laboratory. This had been a centre for the study of fluorine compounds for use as refrigerants and aerosols by the General Chemicals Division of ICI. At the end of the war, there remained a great interest in fluorine chemistry, in particular with respect to the stability and lack of flammability of fluorocarbons. For a short time, many new compounds were made around the world with the hope that 'something valuable might drop out', as Charles reported Ferguson to remark.
Ferguson approached the possibility of discovering a new anaesthetic from a study of narcosis and, as part of this study published in 1939, he had sought to bring some sort of coherence to the apparent chaos of data relating to the narcotic potency of different compounds (Ferguson 1939 (Ferguson , 1951 . The heart of Ferguson's insight was that it is necessary to consider the concentrations of a drug expressed on a thermodynamic scale and not as a simple per cent by volume. On a cold day in February 1951 Ferguson put his ideas to Charles, not by summoning the junior scientist to his office, but at the laboratory bench, where he asked the question: 'Do you think that these two papers of mine could help a search for an inhalant anaesthetic amongst compounds containing fluorine?' Charles undertook the necessary literature search and within a few days, after reading the papers, was convinced that there was an opportunity, and the project was begun. Halothane, CF 3 CHBrCl, was first prepared in January 1953 (figures 5 and 6).
The patent on halothane, applied for in October 1954 and published in February 1957, acknowledges the existence of these potentially competitive compounds, but then dismisses them summarily as having no utility either because 'they are difficult to prepare on a commercial scale' or have adverse biological properties-'in tests with rabbits, CF 3 CHBrCH 3 produces serious cardiac irregularities, while CF 3 CHBr 2 produces an excessive fall in blood pressure' (1). In hindsight it is surprising that halothane had not been investigated before, but there was no reason a priori to believe that it would be better than other related compounds such as those mentioned above. It was therefore possible for the patent to teach:
On the other hand, in preliminary studies in rabbits, dogs, and monkeys we have found that 1,1,1-trifluoro-2-bromo-2-chloroethane gives exceptionally smooth and rapid induction to surgical anaesthesia . . .
The initial biological evaluation of halothane was carried out by Dr Frank Bradbury at ICI (see below) using grain weevils as the biological model, and the preclinical pharmacology by Dr James Raventos, a committed and exemplary experimentalist. Raventos gave one of the most simple and clearly defined statements of the profile expected for a successful inhalant anaesthetic (Raventos & Spinks 1958) , thereby allowing biological properties to be correlated rationally with chemical structure. Clinical trials were then established under the leadership of Dr Michael Johnstone at Manchester Royal Infirmary, and halothane was first successfully used in the operating theatre in January 1956 (figure 7). Halothane transformed surgical anaesthesia and was, for example, used in the first human heart transplant operation in 1967. Johnstone himself has described the early experience with halothane in detail (Johnstone 1958 (Johnstone , 1961 . One of the most significant features in the discovery of halothane was that the niche of optimum properties was filled with guidance, not certainty, of what to make from design. Despite the intensity of the research and its potential significance, Charles maintained a healthy work-life balance, enjoying time with his children (figure 8), developing his interest in music, art and gardening and teaching himself to speed-read.
In due course, the discovery of halothane was recognized as one of the milestones of chemistry and celebrated by the installation of a commemorative plaque at the Catalyst Museum in Widnes, a former ICI property (figure 9). 
Other projects at ICI General Chemicals Division
The General Chemicals Division at ICI was a major producer of non-hydrocarbon commodity chemicals, in particular chlorinated compounds, the chlorine for which was produced at its factory in Runcorn. Some of the problems that Charles had to deal with were related to an imbalance in the demand for sodium hydroxide (high) and chlorine (relatively low), both being produced stoichiometrically by the electrolysis of brine. Chlorinated organic compounds such as plasticizers, solvents and polymers found uses in industrial degreasing, dry cleaning, refrigerants, aerosols and industrial foams. What was not realized at the time was that some of these compounds were primary contributors to the depletion of the ozone layer. In later years, this question troubled Charles. He eventually took the view that while significant care had been taken with safety and toxicity close to the manufacturing process, the possibility of problems arising after substantial dispersion of compounds, for example in the upper atmosphere, was not conceivable at the time. Later in his career, when managerial responsibilities forced wider thinking-in particular the Hazard and Operability (HAZOP) techniques (Kletz 1983 ), largely developed under Charles's supervision at ICI-such problems might have been anticipated. Even then, information from high flying aircraft and other atmospheric probes was necessary to stimulate and support the argument. Crop protection also provided outlets for chlorinated organic compounds, such as the insecticide gamma benzene hexachloride (Gammexane, also known as Lindane) and the selective chlorophenoxyacetic acid weedkillers. Gammexane was initially a boon in agriculture and public health, but later was found to be of medical concern because of its high lipophilicity and biological persistence. On the other hand, chlorophenoxyacetic acid weedkillers are still in widespread use. Despite these successes and the substantial success of halothane, Charles's career development at ICI seemed to have stalled. In 1959, however, Dr Duncan Davies arrived as research manager and facilitated Charles's promotion to assistant research manager with responsibility for a number of sections.
In terms of products, the next key innovation was the total weedkiller paraquat, which is also still available. Paraquat is a non-chlorinated compound that required substantial chemical and engineering skill to manufacture owing to the use of metallic sodium and liquid ammonia. Charles shared the responsibility for the planning, design and start-up of the full-scale plant for the manufacture of paraquat, which took place at ICI's Pilkington Sullivan Works in Widnes. A distinctive feature of this development was that it was the first chemical process designed from the outset to be controlled by computer, and was world-leading at the time. The chemistry of this process was worked out by a team led by Dr Frank Bradbury, with whom Charles had a long-standing professional relationship and personal friendship. During the paraquat development, Charles took a three-year stint at Pilkington Sullivan Works as an assistant works manager, which included some time on shift work.
About this time (1961) ICI merged its General Chemicals and Alkali divisions to form Mond Division and Charles was appointed an assistant research manager. New research laboratories were built at Runcorn Heath, largely supported by the profits from halothane. One wing was occupied by ICI's Corporate Laboratory directed by Duncan Davies. The three Mond Division research laboratories at the Heath, Widnes and Winnington had a complement of some 1000 research and associated workers. The other assistant research manager of Mond Division was Cecil Allberry, who was appreciated as a fine scientist, gentleman and colleague.
Mond Division: research director 1966-1969, deputy chairman 1969-1972 Mond Division in the late 1960s was an organization with businesses ranging from metals, especially titanium, minerals, including rock salt and fluorspar, and a wide range of manufactured commodity chemicals, including small organic precursors, such as acetylene and methyl methacrylate, and finished fine chemical products, such as halothane, as well as inorganic compounds, such as aluminium chloride. In dealing with such a wide range Charles led the Division into integrated process development, bringing chemical engineers into the research department alongside chemists and metallurgists to provide the team skills necessary to deal with design, development and trouble-shooting, features that were surprisingly new to Mond Division at the time.
A further innovation was the expanded use of statistics in research and planning. Mond Division's head of statistics at the time was Dr Al Baines, who, with Charles and Frank Bradbury, wrote the book Research in the chemical industry (3), which set out their joint vision and understanding of the techniques and tasks involved. The impact of this book emerged slowly, but it transpired later that a large chemical company in Germany had changed its approach to research because of it; a large US company circulated the chapter on research in the factory to all of its plant managers; and, most surprisingly, the book had been translated into Russian, without licence or royalties, and was a significant influence on practice in Eastern Europe at the time. When Frank Bradbury established the field of technological economics at the University of Stirling in the 1970s, this book was the seed for much of From research director, Charles was promoted to become a deputy chairman of Mond Division, a role notable for the great increase in international contacts because of the pervasiveness and scope of Mond Division's business interests noted above (figure 10). In addition to Europe, there were customers in Australia, Canada, the USA, Kenya, South Africa and Malaysia. He particularly enjoyed the responsibility of representing ICI on the board of Äetsä, a Finnish chloralkali company owned jointly with Solvay and the Finnish government. Taking advantage of visits to Finland for board meetings, Charles pursued his interest in languages by gaining an acquaintance with the Finnish language, which is not Indo-European and very different from the many languages he had previously studied. He developed a good understanding of the complex and subtle syntax and grammar without reaching much competence in speech.
ICI Paints Division chairman 1972-1977
Recognizing Charles's exceptional all round capabilities in science, technology, business and management, the ICI Board appointed him chairman of Paints Division in 1972, and he moved with Margaret from Liverpool to Maidenhead. This was a major change for Charles and the whole family, having lived in the northwest of England for close to 50 years. The house Charles and Margaret moved to, Willowhay in Shoppenhangers Road, Maidenhead, was a short drive from Paints Division's headquarters and plant in Slough. It was also convenient for overseas travel, Heathrow Airport being in those days an easy drive along the M4 from Maidenhead. Willowhay was comfortably large enough to accommodate Margaret's mother and visits from family, especially once grandchildren began joining the family in 1974. After son Keith and his family moved to Welwyn Garden City, a short drive away, Willowhay became a focus for family gatherings. The substantial garden and ready access to many places of interest for young children made it an ideal place to visit for just a few days or for longer.
While rightly understanding Charles's practical and intellectual capacity, the ICI Board did not, perhaps, appreciate that Charles was not instinctively or emotionally a commercial person. He excelled in analytical and lateral thinking, and was described by one of his close ICI friends and colleagues after his death as a 'boffin's boffin'. ICI Paints Division's primary business was the Dulux brand of industrial and domestic paints and a developing business in vinyl wall coverings sold as Vymura. There were jointly-owned paint companies in France, Portugal, Trinidad and Jamaica. In commercial terms, the overdependence on the UK domestic market was reduced through operational research studies that Charles initiated. In technological terms, Charles actively encouraged the improvement of Dulux products, in particular the replacement of organic solvents in paints and coatings. The commercial and technological elements came together notably in the formulation of business plans for each of the overseas activities coupled with appropriate technological solutions for their markets; for example, fungicide resistance in Malaysia, water-based surface coatings in Canada and the UK, and wood coatings in Germany. The plans were jointly prepared by Paints Division and the appropriate ICI subsidiary.
The collaborative and shared ownership model of technological and business development was successful, but not all of the ventures of Paints Division at that time did so well. For example, the high-end decorative market was served by an ICI brand called Choice, which offered coordinated paints, fabrics and wall coverings. While this was an attractive concept, and was later successful in other hands, ICI, as an international megacompany, was unable to establish the right business and geographical environment for it to succeed. It caused Charles great emotional pain to have to close Choice down, although he knew it was the correct business decision to make. There were difficulties too in developing a business in the building products field, where ICI wanted to evaluate new technologies and materials. The small company bought to provide this window on the building business had neither the capacity nor the inclination to innovate. However, because of the technical competence and market credibility of the venture, it was possible to sell that business on as a going concern.
One aspect of becoming a division chairman in ICI was an increased direct interaction with the ICI Board. Again recognizing Charles's research background, they asked him to undertake two short-term assignments for the whole company. The first was to review and refocus the corporate management services, and the second was to lead two teams concerned with biological aspects of ICI's work in a review established by the responsible main board director, Dr Alfred Spinks (FRS 1977) . Spinks had been prompted to act by the discovery that vinyl chloride monomer was carcinogenic, and he wanted to minimize the risk that ICI handle or sell carcinogenic compounds. This activity included work led by Dr Frank Rose FRS, who reviewed the structure of all compounds used or planned to be used by ICI so that steps could be taken to avoid using those that might be carcinogenic. Details of this study are described in Dr Rose's biographical memoir (4).
At ICI Millbank 1977-1982
The success of the ICI-wide projects carried out while he was chairman of ICI Paints Division led to Charles's translation to the post of General Manager Research and Technology, based at the company's headquarters on Millbank in Central London. This post interacted broadly with ICI businesses and the main board directors, including Alfred Spinks (research), Robert Malpas (engineering) and William Duncan (one of the deputy chairmen).
Charles found that the main board was not well informed about the contribution of research to ICI. He also considered that each division's plans for research to support the profitability of the company were not adequately discussed with the top management. Steps were taken to deal with these communications problems, which were typical of the interfaces between research and business at the time. In order to be as fully informed as possible about ICI's science and technology, Charles would spend as much time as possible in discussions with scientists and engineers at the bench or in their offices. Some of the fields of particular interest at this time were computer modelling, from processes and catalysis to research-related commercial activities, gene technology and process intensification. Project managers were encouraged to explore the whole lifecycle of a new process or project. Many of these innovations in research practice were not regarded as routine.
One especially innovative example of what might be referred to as thought intensification or project planning intensification was the interaction between senior scientific and commercial staff ICI-wide to develop the concept of the scientist in industry as a designer. A distinguished and distinctive contributor to these discussions was Dr Bruce Archer (head of the Department of Design Research at the Royal College of Art). Archer had developed important insights into the nature of design and development in industry, ideas that fitted well with the concepts that Charles had developed with Dr Frank Bradbury in chemical product and process research and development (2). The connection with Dr Archer led to Charles becoming a member of the Council of the Royal College of Art, its treasurer and then vice-chairman, for which contribution he was gratified to be appointed in due course a Senior Fellow of the College, although a scientist.
Product lifetime was a new concept in research and development in the early 1980s and Charles's ideas were taken up also in wider interactions with the industrial manufacturing community facilitated by Sir Monty Finniston FRS FREng. In this area Charles's ideas were paralleled by the views of some of the most imaginative scientists in ICI, notably Professor Derek Birchall (FRS 1982) . As Charles himself put it, the objective is to succeed with the benefit of foresight in contrast to reacting to problems with the benefit of hindsight. He recognized that the greater the novelty intrinsic to a new project, the more difficult it is to realize its potential and to profit both practically and commercially from its benefits. This often resulted in disappointment because profitable businesses were not derived from significant scientific advances. Charles thought this to be inevitable in part because very few early stage innovations offered the clear potential to make a major contribution to the core business. Preference was therefore given to marginal improvement, and the long-term negative effect of the absence of innovative products, being difficult to quantify, was ignored.
In his general manager role, Charles travelled widely, engaging with ICI businesses world-wide. Margaret's help interacting with the expatriate ICI families was greatly valued. Contacts with Eastern European companies and governments were a feature of the time, inevitably involving a deal of scientific and intellectual shadow boxing, but nevertheless valuable in building confident relationships. An interesting example of his engagement with Eastern Europe came in a visit to Soviet Russia in which scientific presentations from ICI were requested. Charles agreed, but on condition that the Russians themselves gave parallel presentations. This went down very well with the Russian hosts. Apparently, although ICI had a relatively small presence in Russia for a Western multinational company, it was the only one that thought it worthwhile to listen to the Russian scientists.
The variety of both intellectual and personal experiences from Charles's time at ICI Millbank proved very valuable in the work he undertook after retiring from ICI. However, overall this period of work was fundamentally disappointing for him; in his view, the role of a general manager was a relic of the traditional over-managed organization of ICI, a feature that may have contributed to its ultimate demise and the dispersal of its businesses. In contrast, his election to the Fellowship of the Royal Society, predicated largely upon Charles's role in the discovery of halothane together with subsequent scientific development projects, was a major encouragement and reward.
Working with Charles, the manager, at ICI Charles had several distinctive features in his management style. As division chairman, he distinguished clearly between meetings for discussion and those for decision-making. He would tell his board members to suspend deference so that we could get to the best answers. Some people found him a bit frightening to deal with; this could have been a result of being immediately confronted by a rational analysis of anything offered, which some took as aggressiveness. Ignorance was excusable, but woolly thinking was not. On forays abroad, his ability to speak foreign languages, for example German, led to the ability to forge relationships where other companies had failed.
One of the authors of this memoir (MMcC) had extensive direct experience of this:
Charles could read very quickly and take it all in. Listening to things verbally slowed him down. So I went to meetings with a prepared typed note, maybe a page or two. He would read it straight through, much faster than I could say it, and immediately start on discussions of precepts, assumptions, conclusions and next steps. But that wasn't all . . . On one occasion he said 'Mike. I think we would get on better with this if you gave it to me mathematically.' No other manager has ever said that to me. So we questioned the value of retail advertising, looked at business opportunities, manufacturing efficiency and foreign investments all the time trying to get things quantified.
With the ability to read and take in information accurately and fast, books were an important input to all of Charles's management and intellectual activities. When he was assigned to a role in Finland, he learned Finnish from a German text as he could not get an English-based one. MMcC recalls:
On one occasion visiting the Massachusetts Institute of Technology we were in Harvard Square, and went to a famous bookshop (probably the Harvard Bookstore) to see if he could get a copy of Wittgenstein's Tractatus, but in the original German. That was the day I lifted his suitcase when the handle broke. 'What's in this?', I asked. Answer: 'Books'. We took a taxi.
Life after ICI
Charles retired from ICI at the age of 62. One of his plans for retirement was to tour Europe with Margaret in a caravan. This never happened, not least because the wealth and depth of his experience was sought by other organizations, both public and commercial. Margaret was also making a major contribution to the Slough Citizens' Advice Bureau as an adviser, work that she greatly enjoyed and to which she rightly attached great importance.
The most significant contribution that Charles made after his career at ICI was as a member of the Royal Commission on Environmental Pollution. Charles was appointed on the death of Alfred Spinks-the Royal Warrant appointing him somewhat reproachfully stated 'as a replacement for Dr Alfred Spinks who has died'. Charles served for the exceptionally long term of 10 years (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) and counted it among the most enjoyable and rewarding that he experienced. The reports to which he contributed most were the twelfth, Best practical environmental option (1988) , and the fourteenth, GENHAZ, a system for the initial appraisal of the release of genetically modified organisms into the environment (1991) (both available at http://webarchive.nationalarchives.gov.uk/20110322143813/http://www.rcep.org. uk/reports/index.htm). Both involved structured procedures, which had their origin in the HAZOP work carried out some years before in ICI. These reports remain as markers for rational and systematic evaluation with the good of the environment as the prime driver. The government of the time did not accept the recommendation that those who propose to release a genetically modified organism should conduct an evaluation according to GENHAZ procedures. Opposition to HAZOP was also evident, largely on the basis of cost, but Charles's view was that neither of these evaluations should be considered as add-ons but as intrinsic parts of a project; as such, they should be included in the budget. It seemed that industry at the time was looking for quick fixes and public agencies were not perceptive enough to use the GENHAZ procedures effectively. Happily, improvements have been made in these respects with the passage of time. Charles's work on the Royal Commission led to a further environmentally-related contribution, membership of the management committee of the Surface Water Acidification Programme established by the Royal Society and the Royal Societies in Sweden and Norway, which investigated the causes and possible amelioration of water quality in Scandinavian lakes. Charles's work for the Royal Commission was central to the recognition afforded by the award of the CBE in 1990 (figure 11).
Charles's contributions to the University of Stirling and Royal College of Art have already been mentioned in the context of the relevant work. In addition to these honorary activities, he also acted as a non-executive director of Albright and Wilson, which he enjoyed as a continuation of hands-on engagement with the chemical industry. In this capacity he provided scientific advice to an investment fund, Cortexa International, which led to a consultancy with a French genetic engineering company, Transgène, located in Strasbourg.
Charles's later years
In 1991 Charles and Margaret moved to a bungalow in Tewin Wood, from which Charles could still commute into London for meetings. It was also nearer their son, Keith, who lived in Welwyn Garden City. Keith strongly supported his parents as their health declined. For several years, however, Charles was still able to revel in his love of gardening. The bungalow stood nestled in a woodland garden and he relished the challenge of finding plants that would tolerate shade, draught and the attention of local wildlife such as badgers, rabbits and muntjac. Charles adopted a balanced scientific and aesthetic approach to his gardening. He kept a notebook and pencil in his inside jacket pocket to record the names of interesting plants. This notebook was also used to jot down entertaining tales that he could use in after-dinner speeches.
Charles spent the last 10 years or so of his life in genuine retirement. He often acknowledged how lucky he was in life; he had only reckoned on living three score years and ten, yet he managed an extra 22. But the luck to which he alluded was not handed to him on a plate; he earned it through hard work and determination, the foundations of which were laid in his childhood. Charles's parents helped him gain a clear sense of duty, honesty, justice, concern for the disadvantaged and being true to one's word. He was a great role model for his family. Charles relished his 'extra' years by pursuing his interests in gardening, music, sport, art, languages, literature and computing. When declining health prevented his travelling abroad, he used his computer to explore distant lands. His flight simulator took him around the globe and let him hone his aviation skills. Nothing, however, could replace his family as the most important part of his life. Charles and Margaret cherished the news and visits from their children, grandchildren and great grandchildren.
Towards the end, dementia invaded Charles's life, but he never gave up. On one occasion, when the words he needed eluded him, he said: 'I'm doing my best, to do my best.' And that evaluation of Paints Division's interaction with its customers, and the long-term development of the paint business, quantifying the expected shift away from volatile organic compounds (VOCs). After a period as a planning manager, Dr McCann joined Charles's staff at ICI's headquarters, Millbank, London, and investigated economics of research in agrochemicals. He returned to the USA to act as Charles's technical liaison between ICI's R&D functions in the UK and those recently acquired in the USA, and eventually joined ICI Americas. He maintained continual contact with Charles throughout Charles's retirement into his last years.
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